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ONE  FIGUEE 

In  an  earlier  study  of  the  effects  of  lesions  v^ithin  the 
visual  cortex  upon  the  retention  of  a  habit  based  on  discrimi- 
nation of  light  from  darkness,  I  found  evidence  of  a  correla- 
tion above  p  =  0.70  ±:  0.05  between  the  extent  of  cortical 
destruction  and  the  criteria  of  retention  of  the  habit  (Lash- 
ley,  '26).  One  of  the  possible  causes  of  a  spurious  correlation 
which  I  sought  to  control  then  was  the<more  frequent  inva- 
sion of  a  critical  point  by  large  than  by  small  lesions.  The 
problem  was  stated  as  follows : 

Munk,  Luciani  and  Seppilli,  and  other  students  of  the  visual  area 
have  held  that  there  is  a  focal  point  for  visual  function  in  the  occipital 
region,  with  surrounding  areas  of  lesser  importance,  although  still 
concerned  in  vision.  It  is  possible  that  in  this  series  of  operations 
some  lesions  involved  such  a  focal  point,  others  missed  it;  that  the 
larger  the  lesion,  the  better  the  chance  of  including  the  focal  point, 
and  that  consequently  a  greater  proportion  of  the  larger  lesions  than 
of  the  smaller  produced  loss  of  the  habit  and  so  led  to  a  spurious 
correlation. 

At  that  time  there  was  no  basis  for  a  guess  as  to  the  posi- 
tion of  such  a  focal  point,  so  the  only  possible  control  con- 
sisted in  showing  that  the  areas  common  to  all  large  lesions 
which  had  resulted  in  marked  loss  of  the  habit  might  be  de- 
stroyed by  small  lesions  with  very  little  consequent  disturb- 
ance. More  recent  studies,  involving  the  localization  of  pat- 
tern vision  (Lashley,  '31),  have  shown  that  this  function  is 
dependent  upon  a  limited  and  definitely  localized  part  of  the 
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occipital  cortex,  which  lies  in  the  lateral  margin  of  field  w 
of  Fortuyn.  Figure  1  shows  the  areas  common  to  cerebral 
lesions  which  completely  abolished  the  capacity  for  pattern 
vision.  The  area  essential  for  pattern  vision  seems  quite 
constant  from  animal  to  animal.     Only  one  case  has  shown 


Fig.  1  Visual  areas  of  the  cerebral  cortex  of  the  rat.  The  stippled  areas 
represent  the  regions  destroyed  by  operations,  symmetrical  on  the  two  hemi- 
spheres, without  disturbance  of  the  capacity  for  pattern  vision.  The  coarser 
stippling  indicates  the  position  of  the  anatomical  area  striata.  Destruction  of 
the  cortex  at  b  or  c  on  both  hemispheres  completely  abolishes  vision  for  patterns, 
but  leaves  the  capacity  to  distinguish  the  position  and  relative  brightness  of 
gross  objects,  as  does  the  total  destruction  of  the  visual  cortex.  Interruption 
of  the  projection  fibers  at  a  abolishes  all  vision  for  objects,  but  leaves  the 
capacity  to  distinguish  differences  in  the  intensity  of  light. 

any  evidence  of  discrimination  of  patterns  after  destruction 
of  this  area,  and  in  no  case  in  which  the  area  escaped  de- 
struction in  both  hemispheres  was  there  any  reduction  in 
discrimination  of  patterns,  even  though  the  lesions  extended 
to  the  margins  of  the  area.  Cortical  destruction  limited  to 
this  area  is  sufficient  to  abolish  all  detail  vision. 
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With  this  area  as  a  basis,  I  have  reanalyzed  the  data  on 
postoperative  retention  of  the  habit  based  on  brightness  dis- 
crimination to  determine  whether  or  not  the  frequent  inva- 
sion of  the  area  by  large  lesions  was  responsible  for  the 
correlations  found.  The  method  of  analysis  was  the  follow- 
ing :  The  cases  (numbered  from  50  to  98 ;  Lashley,  '26,  table 
3)  were  divided  into  three  groups:  a)  in  which  the  areas 
critical  for  pattern  vision  were  destroyed  completely  in  both 
hemispheres;  b)  in  which  the  critical  areas  were  invaded, 
but  not  completely  destroyed,  and,  c)  in  which  there  was  no 
invasion  of  the  critical  areas. 

a.  Cases  with  complete  destruction  in  both  hemispheres  of 
the  areas  essential  to  pattern  vision.  This  group  includes 
nos.  56,  60,  65,  66,  72,  76,  77,  78,  79,  80,  81,  83,  86,  87,  88,  89, 
90,  91,  92,  93,  94,  95,  96,  97,  and  98— a  total  of  twenty-five 
cases.  The  average  extent  of  lesion  in  these  cases  was  20.2 
per  cent  of  the  neocortex.  In  postoperative  retention  tests 
the  average  records  were :  trials  ==  62.0,  errors  =  19.7. 
Eank  order  correlations  have  been  computed^  for  extent  of 
destruction  with  trials  and  with  errors  in  relearning  for  these 
cases.    The  constants  obtained  were : 

p  trials  =  0.727  ±  0.075 
p  errors  =  0.718  ±  0.072 

This  grouping  of  cases  excludes  most  of  the  animals  with 
small  lesions,  thus  markedly  reducing  the  range  of  variation 
included  in  the  computation  of  correlation.  Nevertheless,  the 
correlations  found  are  practically  identical  with  those  ob- 
tained when  the  entire  group  of  forty-eight  cases  is  included. 

b.  Cases  with  partial  destruction  of  the  areas  essential  for 
pattern  vision  on  one  or  both  sides.  This  group  includes 
nos.  51,  52,  54,  57,  61,  63,  64,  67,  68,  69,  70,  71,  82,  84,  and  85— 
a  total  of  fifteen  cases.  The  average  extent  of  lesion  in  these 
cases  was  12.2  per  cent  of  the  neocortex.  In  postoperative 
retention  tests  the  average  records  were :  trials  =  28.9, 
errors  =  7.5.  Correlations  between  extent  of  lesion  with 
trials  and  with  errors  were  the  following : 

^  By  the  formula  p  =  1  —  — ^s:^ 
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p  trials  =  0.397  ±  0.152 
p  errors  =  0.438  ±  0.145 

c.  Cases  with  no  invasion  of  the  area  critical  for  pattern 
vision.  In  this  group  are  included  nos.  50,  53,  55,  58,  59,  62, 
73,  74,  and  75.  The  average  extent  of  lesion  in  these  cases 
was  9.6  per  cent  of  the  neocortex.  In  postoperative  reten- 
tion tests  the  average  records  were:  trials  =  22.2,  errors  = 
7.3.  In  this  group  only  two  cases,  nos.  74  and  75,  made 
records  appreciably  higher  than  the  records  in  preoperative 
retention  tests.  The  lesions  in  these  two  cases  approach  very 
near  to  the  areas  critical  for  pattern  vision  and  the  cases 
probably  should  have  been  included  in  group  h.  If  these  are 
omitted  from  the  group,  the  average  of  the  others  gives  no 
evidence  of  loss  of  the  brightness  habit.^ 

Comparing  the  averages  for  the  three  groups,  we  find  that 
lesions  in  the  area  striata  which  do  not  invade  the  parts 
necessary  for  pattern  vision  have  probably  no  effect  upon 
the  retention  of  the  habit  based  upon  discrimination  of  light 
and  darkness,  that  partial  destruction  of  the  critical  area 
results  in  some  loss  of  the  habit,  and  that  complete  bilateral 
destruction  of  the  critical  area  produces  a  more  serious  post- 
operative amnesia.  If  the  sparing  or  involvement  of  a  criti- 
cal area  for  brightness  vision  were  the  sole  cause  of  the 
correlation  found  previously,  the  present  division  of  cases 
should  bring  about  the  following  results:  Cases  without 
involvement  of  the  critical  areas  should  show  no  amnesia. 
Cases  with  partial  involvement  should  divide  into  two 
groups,  one  with  complete,  the  other  with  no  amnesia.  Cases 
with  complete  destruction  of  the  critical  areas  should  all 
show  equally  complete  amnesia. 

The  results  of  this  analysis  conform  to  such  expectations 
only  in  the  case  of  group  c,  with  no  involvement  of  the  critical 
areas.  In  group  h,  with  partial  involvement  of  the  critical 
area,  the  significance  of  the  data  is  uncertain.  The  correla- 
tion for  the  series  is  barely  significant   (0.40  ±0.15),  but, 

*With  these  two  cases  omitted,  the  amount  of  cerebral  destruction  in  the 
remaining  cases  is  so  small  that  a  proportional  deterioration  of  the  habit  might 
escape  detection  by  our  rather  crude  measurements  of  retention. 
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SO  far  as  can  be  determined  from  so  few  cases,  the  relation 
between  extent  of  lesion  and  amnesia  seems  to  be  continuous. 
When  the  group  is  divided  into  lower,  middle,  and  upper 
thirds  with  respect  to  extent  of  lesion,  we  obtain  the  follow- 
ing averages : 


Extent  of  lesion 

Trials 

Errors 

Lower  third 

10 

1.6 

Middle  third 

30 

7.9 

Upper   third 

48 

13.0 

The  small  number  of  cases  in  group  b  and  the  scattering 
of  the  records  make  it  uncertain,  however,  whether  the 
series  represents  an  all-or-nothing  or  a  continuous  function 
of  the  extent  of  lesion. 

For  group  a,  with  total  destruction  of  the  critical  area  for 
pattern  vision,  the  results  are  unequivocal.  Total  destruc- 
tion of  the  area  by  a  small  lesion  produces  only  a  partial  loss 
of  the  brightness  habit,  as  is  evident  in  cases  56,  60,  and  76. 
The  destruction  of  the  area  plus  other  parts  of  the  visual 
cortex  results  in  more  severe  loss  and  the  severity  of  the 
amnesia  is  rather  closely  proportional  to  the  extent  of  lesion. 
The  correlation  for  the  group  (p  trials  ^0.72;  p  errors  = 
0.71)  is  as  high  as  that  found  for  the  entire  series  of  fifty 
cases,  in  spite  of  the  marked  reduction  in  range  of  variation 
introduced  by  this  selection.  "When  the  cases  of  group  a  are 
divided  by  fives  from  least  to  greatest  with  respect  to  extent 
of  lesion,  the  following  result  is  obtained : 


Per  cent  lesion 

Trials 

Errors 

7-15   (5  cases) 

30 

7.5 

16-18   (5  cases) 

44 

12.4 

18-21   (5  cases) 

72 

24.0 

21-27   (5  cases) 

60 

25.6 

28-31   (5  cases) 

94 

29.0 

There  is  only  one  reversal  of  order  in  the  table  of  fifteen 
places,  so  it  seems  certain  that  the  correlation  is  continuous 
throughout  the  range  of  the  data.  Thus  the  results  with 
this  group  show  that  the  correlation  between  extent  of  lesion 
and  the  degree  of  postoperative  amnesia  is  not  merely  an 
artifact  arising  from  invasion  of  the  area  necessary  for  pat- 
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tern  vision  by  large  lesions  and  non-invasion  by  smaller  le- 
sions, but  represents  a  genuine  function  of  the  extent  of 
lesion. 

The  nature  of  this  function  is  still  obscure.  I  have  pre- 
sented evidence  that  the  mass  relation  cannot  be  ascribed  to 
the  extent  of  scotoma,  in  that  there  is  no  retardation  in  the 
initial  learning  of  animals  operated  before  training.  A  sec- 
ond possibility,  which  I  have  not  before  considered,  is  the 
following.  If  we  assume,  as  now  seems  probable,  that  habits 
based  on  brightness  discrimination  are  mediated  by  subcor- 
tical centers,  and  that  pattern  vision  is  a  function  of  the 
visual  cortex,  it  is  possible  that  the  normal  animal  learns  the 
discrimination  of  brightness  in  the  Yerkes  box,  not  as  a  sim- 
ple reaction  to  brightness,  but  as  a  reaction  to  luminous 
patterns  in  which  the  figural  aspect  of  the  stimuli  dominates 
the  reaction.  In  such  a  case,  destruction  of  the  occipital  cor- 
tex would  abolish  the  capacity  to  react  to  the  figural  aspect 
of  the  stimulus  and  force  the  animal  to  relearn  in  terms  of 
brightness  only.  A  dim  residual  pattern  vision  in  the  periph- 
eral retina  might  facilitate  this  transfer  from  one  aspect  of 
the  stimulus  to  another.  The  present  analysis  indicates  that, 
if  the  central  area  for  pattern  vision  is  spared  by  a  lesion, 
there  is  no  postoperative  amnesia  for  habits  based  on  bright- 
ness discrimination,  and  when  the  central  area  is  destroyed, 
the  amnesia  is  proportional  to  the  extent  of  destruction 
within  the  surrounding  region,  which  is  perhaps  functional 
in  peripheral  vision.  Thus  the  present  results  are  in  har- 
mony with  the  above  hypothesis. 

But  there  are  two  difficulties  for  the  hypothesis  which 
seem  to  exclude  it  entirely.  In  the  first  place,  it  has  been 
impossible  to  demonstrate  any  reaction  to  the  figural  aspects 
of  the  stimulus  in  normal  animals  under  the  conditions  of 
training  employed  in  the  Yerkes  box.  In  one  unpublished 
experiment  twenty-five  animals  were  trained  to  a  differential 
reaction  to  stimuli  which  differed  both  in  brightness  and  in 
pattern.  When  the  reaction  had  been  established,  the  bright- 
ness of  the  patterns  was  gradually  equated  until  only  the 
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difference  in  pattern  remained.  No  one  of  the  animals  con- 
tinued to  discriminate  on  the  basis  of  pattern  or  could  be 
trained  to  the  discrimination  within  600  trials. 

The  absolutely  identical  learning  records  in  the  Yerkes 
box  for  animals  with  and  without  the  visual  cortex  seems  to 
constitute  clear  evidence  against  the  hypothesis.  The  aver- 
age for  eighty-nine  normal  animals  in  this  problem  is  131 
trials,  44  errors,  and  for  113  animals  lacking  parts  or  all  of 
the  visual  cortex  is  123  trials,  41  errors.  It  is  almost  incon- 
ceivable that  the  animals  of  these  two  groups  were  forming 
the  habit  upon  the  basis  of  different  aspects  of  the  stimuli, 
since  under  conditions  where  habits  based  upon  both  bright- 
ness and  pattern  have  been  demonstrated,  there  is  a  signifi- 
cant difference  in  the  rate  of  formation  of  the  two  in  normal 
animals,  and  animals  lacking  the  visual  cortex  fail  to  form 
the  habits  of  pattern  discrimination  with  any  amount  of 
practice. 

These  considerations  seem  to  eliminate  the  persistence  of 
varying  degrees  of  peripheral  vision  as  an  explanation  of 
the  quantitative  relations  found  and  to  necessitate  the  as- 
sumption of  some  dynamic  influence  of  the  striate  areas  in 
the  function  of  brightness  vision,  which  is  independent  of 
the  detailed  spatial  differentiation  of  the  areas  exhibited  in 
pattern  vision. 

SUMMAEY 

The  discovery  that  pattern  vision  is  conditioned  by  a  small 
lateral  area  for  the  visual  cortex  of  the  rat  has  made  it  pos- 
sible to  test  whether  or  not  the  relationship  between  extent 
of  cerebral  destruction  and  the  degree  of  postoperative 
amnesia  for  the  habit  of  'light-darkness'  discrimination,  re- 
ported earlier,  was  due  to  the  invasion  of  this  critical  area  by 
larger  lesions.  The  data  previously  reported  have  been 
analyzed  in  relation  to  this  critical  area  with  the  following 
results : 

1.  Lesions  which  do  not  involve  the  area  essential  to  pat- 
tern vision  probably  do  not  produce  any  postoperative  am- 
nesia for  the  brightness  habit. 


84  K.    S.   LASHLEY 

2.  Complete  destruction  of  the  area  critical  for  pattern 
vision  does  not  entail  a  severe  grade  of  amnesia. 

3.  The  degree  of  amnesia  is  proportional  to  the  total  extent 
of  the  lesions  beyond  the  critical  area. 

4.  Evidence  is  advanced  to  show  that  this  relationship  can- 
not be  ascribed  to  the  extent  of  scotoma. 
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